INTRODUCTION
In recent decades, researchers have tried utilizing various types of additives to modify binder and improve road pavement resistance to damage (Al-Hadidy & Tan 2009; Moghaddam & Karim 2012; Sanchez-Alonso et al. 2013; Yao et al. 2012) . In general, fibers and polymers are the two main materials used to modify bitumen. Fiber is one of the most common additives used to enhance the bond between bitumen and aggregate (Yao et al. 2012) . Studies have proven that bituminous materials reinforced with fibers such as nylon fibers, carbon fibers and glass fibers could improve resistance against aging, cracking, fatigue and damage due to moisture (Yao et al. 2012) .
Apart from fiber and polymer, hydrated lime and cement are also commonly used in the modification of bitumen. Hydrated lime is an active filler in bitumen. According to Little et al. (2001) , the addition of materials has the beneficial effect of enhancing binder and asphalt mixtures' ability to resist deformation and cracking at low temperature. In addition, cement-based materials have been widely used for many years as composite materials for various types of structures. To reduce or control permanent deformation due to water damage, various studies have been conducted which have resulted in anti-stripping additives such as cement additives. These additives are used to enhance the physico-chemical properties of bitumen and aggregates (Behiry 2013) .
During the past decade nanotechnology has emerged as an alternative solution to improve the performance and durability of construction materials. Due to their small size and high surface area, the nature of nano-scale materials is very different from the nature of the ordinary sized materials. Several researches have been conducted and results of these researchers showed that the rutting and fatigue resistance of asphalt mixtures increased with the addition of nano materials (You et al. 2011 ). According to Liu (2007) , the physical characteristics of bituminous binder can be improved when the polymer is modified with a small amount of nano-clay under nanoscopic conditions.
To deal with the problems related to the environmental factors in Malaysia, a study need to be conducted to find a way to increase the asphalt mixtures' resistance against moisture damage. Alternative methods should be identified to be used in the construction and maintenance of roads. This study was conducted to investigate the effect of adding materials such as nano-clay (NC), Portland cement (PC), hydrated lime (HL) and polymer modified bitumen on the performance of asphalt mixtures.
MATERIALS AND EXPERIMENTAL DESIGN

BINDER
The binder used in this study is 60/70 penetration grade bitumen and its properties are presented in Table 1 . It was found that the 60/70 penetration grade bitumen used meet all the required specifications.
POLYMER MODIFIED BINDER
The climatic condition in countries such as Malaysia is fairly consistent throughout the country and the supply of performance graded (PG) binder in this region is based on the higher temperature. This study does not consider low temperature environment since the temperature in this country rarely falls below 30°C during daylight hours and usually range between 35-45°C. A polymer-modified bitumen, PG-76, was used as a control sample and its physical and rheological properties are presented in Table 2 . The physical and rheological properties of PG-76 meet the minimum requirements as compared to the standard specifications. According to Sarsam (2013) , the effect of binding the filler particles increase with the decrease in the particle size of the filler. Researchers in China have studied the effect of montmorillonite nano-clay on the copolymer properties of bitumen modified with styrene-butadiene styrene (SBS) by mixing the molten mixture with sodium montmorillonite (Na-MMT) and organophilic montmorillonite (OMMT). The result of the study showed that the addition of Na-MMT and OMMT enhanced the viscosity SBS modified bitumen. In addition, the mixture showed a higher complex modulus and lower phase angle, which resulted in a tougher and more elastic bitumen. Therefore, asphalt mixtures modified with nano-clay could improve rutting resistance compared to unmodified bitumen (Polaccoa et al. 2008 ).
HYDRATED LIME Limestone consists of calcium carbonate, CaCO 3 , and has a heating temperature of 980°C at which there is no carbon dioxide left and only hydrated lime (CaO) is present. When water is added to the hydrated lime, it will expand and crack (Little et al. 2001) . Adding hydrated lime to asphalt mixtures produce many benefits such as anti-stripping which could improve performance under heavy traffic load.
CEMENT
For many years cement-based materials have been widely used as composite materials in various types of structures. In order to reduce or control permanent deformation due to water damage. Various studies have been conducted which produced anti-stripping additives such as cement additives. These additives are used to enhance the physico-chemical properties of bitumen and aggregates to improve wetting by lowering the surface tension of bitumen (Behiry 2013 (1978) and Schmidt and Graf (1972) . The importance of simulating field condition by accelerating test conditions in the laboratory is generally acknowledged. The specimens were placed between the steel loading strips using the in the indirect tensile test. Load was applied on specimen at a constant head rate of 50 mm/min and the maximum compressive force was recorded until the specimen cracked. The ratio of the average tensile strengths of the conditioned (saturated) subset to the average tensile strength of the controlled (unconditioned) subset is the tensile strength ratio (TSR). Moisture sensitivity could be calculated using the following Equations 1 and 2:
and
where ITS is tensile strength (kPa), P is maximum load (N), L is sample thickness (mm), D is sample diameter (mm), ITS cond is average tensile strength of the moisture-conditioned subset (kPa), and ITS dry is average tensile strength of the dry subset (kPa).
RESULTS AND DISCUSSION AGGREGATE PROPERTIES ANALYSIS
The physical properties of the aggregates used are presented in Table 3 . The table shows that the aggregates used met all the requirement of the specifications. The selected gradation of the aggregate and the specific gravity values are presented in Table 4 . The specific gravity values for both coarse and fine aggregates are between 2.53 and 2.64 and the specific gravity for the bitumen was taken as 1.03.
MOISTURE DAMAGE ANALYSIS
Moisture damage is among the most critical distresses exerted upon asphalt pavements. Moisture damage can be defined as a decrease in the values of asphalt mixtures' stiffness and strength durability caused by moisture (Yusoff et al. 2014 ).
The water trapped in the coated aggregate might cause moisture damage, which then cause severe distresses on the pavement, such as stripping, localized bleeding, potholes, shoving and structural failure due to moisture intrusion into the asphalt pavements. The moisture damage test was conducted on all mixtures at the OBC for each individual mix. The indirect tensile strength (ITS) values for unconditioned and conditioned mixtures are shown in Figure 1 . The use of different type of additives showed varying values of ITS for both conditioned and unconditioned samples. Mixtures prepared with 2% of cement have the lowest ITS value for unconditioned sample while the addition of 4% of hydrated lime shows the lowest ITS value for conditioned samples. On the other hand, mixtures prepared with 2% HL have the highest ITS values before conditioning which is higher than the control mixture, and mixtures prepared with 2% NC has the highest ITS value after conditioning (higher than control mixtures). As can be seen in Figure 2 , except for the mixtures prepared with hydrated lime and the control mixtures, all other mixtures meet the 80% lower limit on TSR value of Superpave specifications. The mixtures modified with polymer (PG76) is the least susceptible to moisture damage with a TSR of 99.07% followed by mixtures with 4% NC (97.79%), 2% NC (96.67), 4% PC (94.44%) and 2% PC (88.69%). This finding indicates that the strength of the asphalt mixtures increase with the addition of polymer.
CONCLUSIONS
Based on the laboratory work done in this study, it can be concluded that the addition of polymer could improve asphalt mixtures' performance against moisture damage. Similarly, the addition of NC also shows a great improvement in enhancing asphalt mixtures' resistance to moisture damage.
